The spectrum of singly ionized molybdenum has been recorded with Fourier transform spectrometers in the wavelength interval 1500-7000 Å . We report improved energy values for a total of 330 levels, 153 even and 177 odd, which belong to the 4d 5 ; 4d 4 5s; 4d 3 5s 2 ; 4d 4 6s; 4d 4 5d; 4d 4 5p and 4d 3 5s5p
Introduction
The present term analysis of Mo II is part of a major project at Lund University, in which the second spectra of transition elements are studied. Previously published investigations on the 4d transition group elements concern the structure of Y II [1] , Nb II [2] , Ru II [3] , Pd II [4] and Ag II [5] , and work is in progress on Zr II and Rh II. Experimental oscillator strengths for fundamental lines are reported in Zr II [6] , Mo II [7] and Pd II [8] .
The level structure of Mo II was first studied in 1926 by Meggers and Kiess [9] , who established 27 levels. They predicted the ground state to be 4d 5 6 S by comparison with Cr II, but could not verify it experimentally. Later on Schauls and Sawyer [10] and Rau [11] extended the analysis and verified that the ground state is the 6 S term predicted by Meggers and Kiess [9] . In 1958 Kiess [12] published a greatly extended analysis of Mo II, in which 3800 transitions and 238 levels belonging to the lowest configurations 4d 5 ; 4d 4 5s and 4d 4 5p were reported. That work also included Lande´g-factors for 179 levels measured from Zeeman patterns. The analysis was put together from work done over a decade at the National Bureau of Standards (NBS, now NIST, USA). No experimental work on the atomic structure of Mo II has to our knowledge been reported since 1958.
Oscillator strengths in Mo II have been reported by Corliss and Bozman [13] who measured relative line intensities in a wall stabilized arc. Schnehage et al. [14] reported branching fractions (BFs) for 58 lines, which were normalized by the values published in [13] . Hannaford and Lowe [15] measured lifetimes of 15 levels and renormalized the BFs given by Schnehage et al. [14] . The latest measurements of f-values in Mo II by Sikstro¨m et al. [7] concern data for 91 lines from 16 different levels obtained by combining BFs and lifetimes. Lifetimes and oscillator strengths have been calculated by Quinet [16] , using a pseudo-relativistic Hartree-Fock approximation.
The present work extends the previous analysis of Mo II and improves the accuracy of wavelengths and energy levels. Transition probabilities have been calculated for the classified transitions. The work is based on spectra recorded with Fourier transform (FT) spectrometers and calculations with the Cowan code [17] .
Experiment
The present analysis of Mo II is based on spectra recorded with FT spectrometers in the wavelength interval 1500-7000 Å . The spectra above 2000 Å have been obtained with the Lund UV FT spectrometer, and the spectra below 2000 Å with the VUV FT spectrometer at Imperial College (IC), London. The two instruments are of the same type, Chelsea Instruments FT500 [18] , the difference being that the IC instrument has windows and beamsplitter made of MgF 2 ; while these components are made of silica in the Lund instrument. The IC VUV FT spectrometer is thus transparent to radiation below the silica cutoff at 1850 Å .
The instrumental resolution was 0:085 cm À1 below 2000 Å and between 0.045 and 0:070 cm À1 at longer wavelengths.
Two light sources were used to produce the spectra: a hollow cathode (HC) discharge lamp and a Penning discharge (PD) lamp [19] . The cathode used in the HC was a 5 cm long cylinder made out of molybdenum. The lamp was run at several different currents between 250 and 750 mA either with a mixture of neon and argon or pure neon as the carrier gas, at a pressure of 1 Torr. A total of 22 scans were coadded in order to get a good signal-tonoise ratio (SNR). The runs with pure neon as carrier gas at 750 mA produced the strongest Mo II lines. The wavelength calibration of the Ne-Ar spectra was made with a suitable set of Ar II lines [20] . The spectra from the HC with pure neon were wavelength calibrated with Mo I and Mo II lines from the Ne-Ar spectra. The wavenumber uncertainty ranges between 3 and 20 mK ð1 mK ¼ 0:001 cm À1 Þ (corresponding to 0.12-0.9 mÅ at 2000 Å ) depending on the calibration uncertainty, and the SNR and the shape of the line.
The cathodes used in the PD were two circular pieces of molybdenum with a diameter of 3.5 cm. The lamp was run with 0.05 Torr neon as carrier gas at 1.2 A. Only twelve scans were coadded, since a large amount of molybdenum was sputtered from the anodes and this short circuited the lamp after approximately 12 scans. The PD spectra were wavelength calibrated with Mo I and Mo II lines measured in the Ne-Ar spectra recorded from the HC. The wavenumber uncertainties in the PD spectra are larger than in the HC because the line width in the PD is about twice the line width in HC spectra, mostly due to the higher temperature in the PD (3000 K [21] ). The wavenumber uncertainties in the PD range between 5 and 30 mK Physica Scripta. Vol. 67, [223] [224] [225] [226] [227] [228] [229] [230] [231] [232] [233] 2003 (corresponding to 0.2-1.2 mÅ at 2000 Å ) also depending on the calibration uncertainty and on the SNR and the shape of the line.
The two light sources produce quite different spectra. This is illustrated in Fig. 1, where The excitation in the PD lamp shows no selectivity as regards the parent structure. The PD produces weaker Mo I lines than the HC, but strong Mo II and Mo III lines. The differences in the excitation between the HC and the PD may be explained by the fact that electron collision is the dominating excitation mechanism in the PD, while in the HC the high levels are populated through charge transfer with the carrier gas [22] .
Analysis
The work by Kiess [12] was used as a starting point of the present term analysis of Mo II. Improved energy values of the lowest levels were obtained from the strong lines in the recorded FT spectra. By combining these levels with the observed spectral lines, all but 18 of the levels in Kiess' analysis were confirmed. The improved level values were used in combination with the unidentified lines in a search for new levels.
The final energies were obtained by optimizing the levels with the combining lines. This was done with a computer program, ELCALC [23] , where the lines were weighted according to their SNR and shape. The uncertainties of the final energy levels range from 1 to 10 mK, depending on the number and quality of the combinations.
The classified Mo II lines are presented in Table I . The experimental intensities (Int.) scaled to the SNR of the lines are given together with the wavelength ðlÞ and wavenumber ðÞ: In column four (O-R) the deviation between the observed wavenumber and the wavenumber derived from the energy levels (Ritz wavenumber) is given. The combination is given in columns five and six (Lower level and Upper level). In columns seven and eight the calculated (Calc.) and experimental (Exp.) log g f-values are given. The experimental log g f-values are from [7] .
Energy levels were predicted using the Cowan code [17] Tables III and IV where column six gives the ratio between the fitted parameters and the HF values. For E AV the value is the fitted energy minus the HF value of the energy. The two odd configurations 4d 4 6p and 4d 2 5s 2 5p are not included in Table IV , as the parameters for these configurations were not fitted.
In order to get an idea about the quality of the calculations we have compared the calculated lifetimes and Lande´g-factors with experimental data published by a Experimental values reported in [7] and [15] . b The average of the ratio is 0.71 with one standard deviation 0.03. Sikstro¨m et al. [7] and Kiess [12] , respectively. In Table  II we compare the lifetimes in [7] with our calculations and find a systematic deviation of about 30% from the ratio (calc/exp) between the calculated and experimental values. The average ratio is 0:71 AE 0:03 (one standard deviation), and the nearly constant ratio suggests that the theoretical radial dipole moment is too large. All radial dipole moments have therefore been scaled by 0.84 (square root of 0.71) in the calculations of the oscillator strengths.
In Fig. 2 
The even parity configurations
The known energy levels of the even parity configurations in Mo II are presented in Table V . As in other spectra in the palladium group the configuration complex ð4d þ 5sÞ 5 provides all the lowest levels in Mo II with the ground state being 4d 5 6 S: Two of the levels in the lowest 4d 3 5s 2 term ðc 4 FÞ were found by Kiess [12] , but they were labeled as
The eigenvectors of these levels are severely mixed, and based on the eigenvector composition, any of these names are possible. Our choice was based on the parent term symmetry. The levels in the 6s and 5d terms are derived from strong 5p-6s and 5p-5d transitions around The 5p-5d transitions in the z 6 F-e 6 G multiplet are among the strongest lines in the molybdenum spectrum.
The parent terms of the two terms ð 3 GÞ5s b 2 G and ða 1 GÞ5s c 2 G have been interchanged compared with the analysis by Kiess [12] . According to Kiess the lowest levels of the 4d 4 ða 1 GÞ5s subconfiguration were located lower than the lowest levels of the 4d 4 ða 3 DÞ5s and 4d 4 ð 1 IÞ5s subconfigurations, but one would expect them to follow the structure of the parent terms. The renaming therefore brings more symmetry into the energy level diagram. As can be seen in Table V , this interchange is motivated by the calculated energies as well as by the Landi g-factors.
The first two columns in Tables V and VI (Config. and  Term) show the assigned configuration and term. Column three (J) gives the J-values of the level. In column four (E) the experimental energy of the level is given. Column five ðÁEÞ gives the difference between the experimental and calculated energy. Columns six and seven give the calculated and experimental Lande´g-factors. The ''n'' stands for ''previously unknown level''. The experimental g-factors are taken from the analysis by Kiess [12] . Columns eight, nine and ten give the calculated eigenvector composition in percent.
The parameters used in the calculations of the even levels are reported in Table III . The fitting includes 152 levels, 25 free parameters and gives a standard deviation of the leastsquares fit (LSF) of 38 cm À1 : The ratio between the LSF and HF values of all Slater parameters is between 0.7 and 0.8 except for G k ð4d; 5dÞ (k ¼ 0 and 2) in the 4d 4 5d configuration. This could be due to mathematical problems in the HF calculations of two open d shells [24] .
The odd levels
In Table VI the odd levels in Mo II are presented. The lowest odd configuration is 4d 4 5p at 45;000 cm À1 followed by the 4d 3 5s5p configuration at 65;000 cm À1 : The lowest 5s5p term is 6 G which is supposed to have a long lifetime as it has no LS allowed decay channels. But the levels are mixed with the 5p x 4 G term (except for J ¼ 3=2 and J ¼ 13=2) and therefore have strong transitions to the even quartets. All levels of the 5s5p y 6 F; y 6 D and y 6 P terms only combine with 5s a 6 D (except for y 6 F 1=2 ; y 6 F 11=2 and y 6 D 9=2 ), with transitions in UV. The parameters used in the calculations of the even levels are reported in Table III . The fitting includes 178 levels, 16 free parameters and gives a standard deviation of the LSF of 90 cm À1 : The ratio of the LSF and the HF values of the G 3 (4d, 5p) parameter deviates from 0.8 in both 4d 4 5p and 4d 3 5s5p configurations.
Results
We have classified about 3000 Mo II lines which connect 330 energy levels. A third (110) of the levels are reported for the first time. We have relabeled 34 levels and all but 18 levels from the analysis by Kiess [12] are confirmed. The energy values are moved on average by 0:3 cm À1 upward compared with the data of Kiess [12] . The lowest levels of 
